Investigation of the tropical sponges Axinella damicornis and Stylissa flabelliformis, family Axinillidae, afforded five new bromopyrrole alkaloids (1-5) and thirteen known compounds (6-18). Semi synthesis of 5 was carried out in order to confirm its structure. The structures of the isolated compounds were elucidated using 1D-and 2D-NMR spectroscopy and mass spectrometry. The cytotoxicity, antimicrobial and protein-kinase inhibition activities were tested for the isolated compounds.
In the course of our search for biologically active compounds from marine sponges, a bioassay guided fractionation of the crude extract of Axinella damicornis collected from the island of Elba, and Stylissa flabelliformis collected from Indonesia, afforded a series of bromopyrrole alkaloids. The ethyl acetate fraction of A. damicornis showed 90% deterrent activity in the fish feeding assay and 50% mortality in the brine shrimp assay at a concentration of 5 ppm, while S. flabelliformis showed 75% deterrent activity in the fish feeding assay. The chemical investigation of A. damicornis afforded the new compounds 1, 2, 4 and 5, in addition to the Compound 1 was isolated as a yellowish white amorphous powder. The EIMS spectrum showed an isotopic cluster at m/z 266, 268 and 270 in the ratio of 1:2:1, which revealed that 1 was a dibrominated compound. The MS showed a fragment cluster at m/z 249/251/253 [M-NH 3 ] + , indicating the presence of a terminal primary amine group. Through HREIMS the molecular formula was determined as C 5 H 4 N 2 OBr 2 . Compound 1 has UV absorbances at λ max (MeOH) 267 and 200 nm; the absorbance at 276 nm suggested the presence of a pyrrole ring in conjugation with a carbonyl moiety [10] . The 13 C NMR spectrum and DEPT showed resonances at δ C 125.0 (s), 104.6 (s), 97.7 (s) and 113.1 (d) corresponding to a trisubstituted pyrrole ring, which was confirmed from the 1 H NMR spectrum as it showed signals at δ H 6.90 (1H, d, J = 2.5 Hz) and 12.63 (1H, br.s). Furthermore, a carboxamide signal at δ C 160.2 (s) and two signals for a NH 2 group at δ H 7.17 and 7.58 (1H, br s, each) were observed for the terminal amide function. The coupling constant value of the doublet signal at δ H 6.90 (2.5 Hz) indicated 1,2-coupling with the pyrrole NH-1 proton [11] . Accordingly, the substituents were assigned at C-2, C-3 and C-4. On comparison of the chemical shifts with those of the literature [12, 13] , it was deduced that the position of the carboxamide moiety was at C-2 and the two bromines were at C-3 and C-4.This assignment was confirmed through the HMBC spectrum ( Figure 2 ), where the doublet proton, H-5, showed cross peaks with two quaternary carbons, C-2 and C-3. In addition, absence of cross peaks between H-5 and the CONH 2 confirmed the carboxamide position at C-2. Accordingly, compound 1 was identified as 3,4-dibromo-1H-pyrrole-2carbamide. To the best of our knowledge, this is the first isolation of this compound from a natural source.
Compound 2 was isolated as a yellowish amorphous powder. The EIMS showed an isotopic cluster at m/z 267, 269 and 271 in the ratio of 1:2:1, which revealed that 2 was a dibrominated compound. Through HREIMS, a molecular formula of C 5 H 3 NO 2 Br 2 was determined. The 1 H NMR spectrum showed the pyrrole doublet signal at δ H 6.80 (1H, d, J = 2.5 Hz) and an additional signal at δ H 12.9 (1H, br.s) that was assigned to an acidic OH group. Compound 2 has UV absorbances at λ max (MeOH) 277 and 234 nm; in comparison to 1, the absorbance at λ max 277 suggested the conjugation of a carbonyl with pyrrole ring. The absence of the NH 2 signals suggested the presence of a terminal carboxyl group instead, which was confirmed from the cluster fragment at m/z 249/251/253 [M-H 2 O] + . The 13 C NMR spectrum and DEPT were similar to those of compound 1, except for the downfield shifts of C-2 (∆ 3.1 ppm), C-3 (∆ 2.0 ppm), C-4 (∆ 0.9 ppm) and C-5 (∆ 3.6 ppm), which were attributed to the replacement of the NH 2 group by OH. The positions of the carboxylic group and the two bromine atoms were elucidated from the HMBC data ( Figure 2 ). According to these results, compound 2 was identified as 3,4-dibromo-1H-pyrrole-2-carboxylic acid and this is the first isolation of 2 as a natural product. This compound was previously reported as a synthetic product obtained during the synthesis of lukianol A and camellarino dimethyl ether [14] . Compound 3 was isolated as a dark yellow powder. It has UV absorbances at λ max (MeOH) 270 and 230 nm. The EIMS showed an isotopic cluster at m/z 188 and 190 in the ratio of 1:1, revealing a monobrominated compound. Through HREIMS a molecular formula of C 5 H 5 N 2 OBr was determined. On comparison to 1, the absorbance at λ max 270 suggested the conjugation of a carbonyl group with a pyrrole ring. The 13 C NMR spectrum and DEPT revealed a disubstituted pyrrole structure, with carbon signals at δ C 127.0 (s), 121.3 (d), 112.1 (d) and 94.9 (s), in addition to a carboxamide moiety at δ C 161.2 (s). The 1 H NMR spectrum confirmed the disubstituted pyrrole structure, with pyrrole protons at δ H 6.59 (H-2) and 6.83 (H-5) (1H, dd, J = 2.5, 1.6 Hz, each). The coupling constant value of 2.52 Hz indicated an 1,2-coupling of H-2 and H-5 with the pyrrole proton, while the value of 1.58 Hz indicated a 1,3 coupling between H-2 and H-5. In addition, the spectrum showed signals of a carboxamide moiety at δ H 7.06 and 7.56 (each, 1H, br.s). Through H-H COSY and HMBC experiments (Figure 2 ), the substituents were assigned to C-3 and C-4, which was confirmed through comparison with literature values [12] [13] [14] [15] [16] . Accordingly, compound 3 was identified as 4-bromo-1H-pyrrole-3-carbamide. To the best of our knowledge this was the first isolation of this compound as a natural product.
Compound 4 was isolated as a yellow amorphous solid. The EIMS spectrum showed an isotopic cluster at m/z 242 and 244 in the ratio of 1:1, revealing a monobrominated compound. Through HREIMS, a molecular formula of C 8 H 7 N 2 O 2 Br was determined. The 1 H NMR spectrum of 4 showed the general characteristics of 2-bromoaldisin, which was also isolated in this work (6 Figure 2) showed the cross peaks of CH-2 with C-3 and C-8a, and absence of the 2-bromaldisin diagnostic cross peak with C-4 (the carbonyl at δ C 193.5), confirming that compound 4 was 3-bromoaldisin. A literature search for 3-bromoaldisin revealed that it was first mentioned as an inseparable mixture with 2-bromoaldisin (1:1) during the synthesis of hymenialdisine [17] . This is the first isolation of 3-bromoaldisin as a genuine natural product.
Compound 5 was isolated as a yellow amorphous solid. The EIMS spectrum showed an isotopic cluster peak at m/z 320, 322, and 324 in the ratio of 1 [18] . The 13 C NMR spectroscopic data showed resonances at δ C 193.5 (s), 161.5 (s), 129.5 (s), 124.0 (s), 106.0 (s), and 98.0 (s), 43.5 (t) and 36.5 (t), which again pointed to the aldisin nucleus; this was strengthened by the 1 H NMR spectrum ( Table 2) , as it showed two exchangeable protons at δ H 13.50 (1H, br s) and 8.53 (1H, br t, J = 5.0 Hz) for NH-1 and NH-7, respectively. The H-H COSY spectrum (Figure 2 ), showed the two methylenes and NH-7 as one system, where it showed correlation of CH 2 -5 with CH 2 -6, which in turn correlated with NH-7. The HMBC spectrum ( Figure 2 ) showed cross peaks of CH 2 -5 with C-4 and CH 2 -6; CH 2 -6 with C-4 and CH 2 -5; and C-8 and the cross peaks of NH-7 with C-8a. These data established that the compound was 2,3dibromoaldisin. To confirm the structure, a semisynthesis of 5 from 2-bromoaldisin (6) was carried out. The UV and NMR ( 1 H and 13 C) spectra of the semi-synthesized and the isolated compounds were super imposable, which unambiguously confirmed the structure. Accordingly, compound 5 was the new natural product 2,3-dibromoaldisin. The in vitro cytotoxicity assay of the isolated compounds, using the microculture tetrazolium technique (MTT), showed that Z-hymenialdisn (16) was the most active, as it showed strong activity against L5178Y and Hela cell lines (ED 50 3.2 µg/mL). 2,3-Dibromoaldisn (5) and dibromocantharillin (11) showed moderate activity against the L5178Y cell line (ED 50 6.7 and 8.3 µg/mL, respectively), while 2-bromoaldisin (6), showed the least activity against the L5178Y cell (ED 50 , 13.8 µg/ml).
The antimicrobial tests of the isolated compounds showed that manzacidin A (18) was the most active, as it revealed activity against Bacillus subtilis, Escherichia coli and Saccharomyces cerevisiea with 13, 9 and 10 mm zones of inhibition, respectively, and antifungal activity against Cladosporium herbarum and Cladosporium cucumerinum of 30 and 8 mm, respectively. Hymenin (12) was active against B. subtilis, with a 6 mm zone of inhibition. Dibromocantharillin (11) showed antifungal activity, with a 16 mm zone of inhibition against C. herbarum. Several compounds were screened in protein kinase inhibition assays towards cyclin-dependent kinase-1, cyclin-dependent kinase-5, and glycogen synthase kinase-3. The IC 50 values in µM for each compound tested are given in Table 1 .
Experimental
General procedures: 1 H (1D, 2D COSY) and 13 C (1D, 2D HMBC) NMR spectra were recorded on Bruker AM 300 and ARX 400 NMR spectrometers. Mass spectra were recorded on a Finnigan MAT TSQ-7000 mass spectrometer, while HREIMS were obtained on a Finnigan MAT 900 mass spectrometer. UV spectra were measured in methanol on a Perkin-Elmer UV/Vis lambda spectrophotometer. Solvents were distilled prior to use, and spectral grade solvents were used for spectroscopic measurements. TLC was performed on TLC plates pre-coated with silica gel F 254 (Merck, Darmstadt, Germany). Semipreparative HPLC was performed on a HPLC system (Merck, Darmstadt, Germany) coupled with a UV detector L7400 (UV detection at 280 nm); the separation column (8 × 250 mm) was pre-packed with Eurosphere C 18 (Knauer, Berlin, Germany). The compounds were eluted with MeOH/H 2 O containing 1% TFA for improved separation, at a flow rate of 5 mL/min.
Animal materials:
Axinella damicornis was collected at a depth of 30-40 feet near the island of Elba (Italy) in 1999. Stylissa flabelliformis was collected at a depth of 28 feet off Laelae island (Pulau Laelae, Indonesia) in 1997. The sponge materials were immersed in ethanol immediately after collection. A voucher specimen of each sample was kept in ethanol under the registration numbers ZMA POR 14393 for A. damicornis and ZMA POR. 17079 for S. flabelliformis.
Extraction and isolation:
The freeze-dried sponge was extracted exhaustively with methanol then with acetone. The resulting crude extracts were first partitioned between H 2 O and EtOAc, followed by extraction of the aqueous layer with n-BuOH. The EtOAc soluble material of A. damicornis (2.1 g) was subjected to vacuum-liquid chromatography on silica gel, using step gradient elution with CH 2 Cl 2 -MeOH. Eleven fractions were obtained; fractions 50:50, 40:60 and 30:70 (CH 2 Cl 2 -MeOH) were subjected to further purification using semipreparative RP 18 HPLC to yield compounds 6, 7, 10, 13-16 and 4 . The fractions 20:80 and 10:90 (CH 2 Cl 2 -MeOH) and 100% MeOH were subjected to sephadex LH 20 column chromatography (MeOH), followed by semipreperative RP 18 HPLC to yield compounds: 5, 8, 9, 11, 12, 17 and 18, in addition to 1 and 2. The ethyl acetate soluble material of S. flabelliformis (0.72 g) was also subjected to vacuum-liquid chromatography, as described before; eleven fractions were obtained. The fractions 60:40, 50:50, 40:60 and 30:70 (CH 2 Cl 2 -MeOH) were subjected to silica gel column chromatography, followed by a final purification step using semipreparative RP 18 HPLC to yield compounds 1, 3, 5, 6, 11 and 14 .
Synthesis of 2,3-dibromoaldisin: Compound 4 was
synthesized through an electrophilic substitution of 2-bromoaldisin with Br 2 [19, 20] . One mL of bromine water was added to 4 mg of 2-bromoaldisin dissolved in CH 2 Cl 2 ; the mixture was kept in a dark place until a faint yellow color and precipitate were obtained. The precipitate was washed with CH 2 Cl 2 , dried and analyzed by 1 H NMR spectroscopy to ensure the purity of the yield.
Fish feeding assay:
To investigate the feeding deterrency, an aquarium assay was performed using Blennius sphinx fish [21] . The different fractions of the crude extracts of A. damicornis and S. flabelliformis were separately incorporated into artificial fish foods at the same concentration as those found in the sponge tissues.
Brine shrimp lethality assay [22] : Eggs of Artemia salina (Dohse, Aquaristik GmbH, Bonn, Germany) were hatched in small tanks filled with artificial seawater. After 48 h, 20 napulii were transferred to each sample vial and artificial sea-water was added to obtain a final volume of 5 mL. The percent mortality, including the control, was determined after 24 h. [23] against mouse lymphoma (L5178Y), rat brain cancer (PC12) and human cervix cancer cells (HELA). All cells were mycoplasma-free and cultures were propagated under standardized conditions [24] .
Antimicrobial assay [25] : Susceptibility discs (5.5 mm) were impregnated with 50 and 100 μg of the pure isolated compounds, dried and placed on agar plates with the test bacterium: Bacillus subtilis 168, Saccharomyces cerevisiea, Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Cladosporium cucumerinum and Cladosporium herbarum. The plates were incubated at 37ºC and checked for inhibition zones after 24 h for bacteria and after 48 h for fungi.
Protein kinase screening assays:
The protein kinase screening assays were conducted according to the method described by Laurent et al. [26] . 
4-Bromopyrrole-3-carbamide (3)
UV/Vis λ max (MeOH): 270, 230 nm. 1 H NMR (400 MHz, DMSO-d 6 ): δ 6.59 (1H, dd, J = 1.6, 2.5 Hz, CH-5), 6.83(1H, dd, J = 1.6, 2.5 Hz, CH-2), 7.06 and 7.56 (each, 1H, brs), 11.67 (1H, brs, NH). 13 
